We propose a new mechanism for irreversibility of light assisted by surface plasmon polaritons (SPPs). By achieving the different mutual conversion efficiency between the radiation field and the SPPs on the opposite surfaces of metal membrane, the unidirectional transmission is observed in a quite simple asymmetric metallic sub-wavelength structures Ag(15nm)/AAO, in which the difference of the two-way transmittance is large than 50%. 42.25.Gy, 77.22.Ch 1 SPPs excited by electromagnetic wave were firstly proposed by Ritchie [1] . A milestone was made by T. W. Ebbesen et al. in 1998 for the extraordinary optical transmission through sub-wavelength holes due to SPPs' excitation on the metal surfaces [2] . In the past ten years, research on SPPs has made great achievements [3] .We note in particular some of the work. In 2002, a Bovine structure has been proposed by Ebbesen et al [4] ,in which the light transmission through a sub-wavelength hole can be well controlled by the micro-structures fabricated around the hole. SPPs are excited more efficiently by periodical concentric circles in the incidence plane. On the exit surface, the same structure can beam the light. It is a brilliant experiment to show a controllable behavior of light by the metallic microstructures.
SPPs excited by electromagnetic wave were firstly proposed by Ritchie [1] . A milestone was made by T. W. Ebbesen et al. in 1998 for the extraordinary optical transmission through sub-wavelength holes due to SPPs' excitation on the metal surfaces [2] . In the past ten years, research on SPPs has made great achievements [3] .We note in particular some of the work. In 2002, a Bovine structure has been proposed by Ebbesen et al [4] ,in which the light transmission through a sub-wavelength hole can be well controlled by the micro-structures fabricated around the hole. SPPs are excited more efficiently by periodical concentric circles in the incidence plane. On the exit surface, the same structure can beam the light. It is a brilliant experiment to show a controllable behavior of light by the metallic microstructures.
However, let's continue their experiment. Assuming only one side of thin metal films retained concentric grooves, the other side is flat. When the concentric circles exist in the exit plane, the beaming effect is still expected, which benefits the far field energy. While there are no incident surface concentric circles, less SPPs are stimulated, which detriments the intensity of far field. Turn this single side Bovine over, let the concentric circles in incidence plane, more SPPs are excited efficiently, but no beaming effect on another side. Obviously, SPPs excitation and beaming cannot be balanced in single side Bovine. Thus what the influence occurs for the far field intensity? If it does, the unidirectional transmittance comes to a reality. More recently, G. Zheng et al. showed that a single side Bovine can be a point filter to achieve angular dependent transmittance [5, 6] . However, what kind of angular distribution expected if they turn the Bovine over? If not, again, a unidirectional transmittance structure may be created. All those pioneers' researches [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] inspire us to challenge the unidirectional transmission of light based on SPPs.
Let's first consider a metallic sub-wavelength structure. For the time being not consider the details of its structure, it can be either the hole array (or single hole) or slit array (or single slit), but the two faces is asymmetrical. As Fig.1(a) shows, from the left to the right, SPPs excite on the left side with a conversion efficiency ξ R−S . Part of them transmits to the right side and the transmittance of SPPs is t. On the right side, SPPs convert to the radiation field with an efficiency ξ S−R . Thus, the intensity relationship between the source and the detected signal can be simply expressed as I = I 0 ξ R−S tξ S−R , here, the subscript R-S (S-R) means the transform from the radiation field to SPPs (or vice verse).Based on the same physical picture, in the case of left-to-right as shown in Fig.1 submerged by the noise. The transmit sequence has no effect on spectra, which is obviously consistent with the traditional optics. For our samples, the roughness of Si wafer surface and Ag thin film surface is quite small (typically ¡ 0.2nm for Ag surface). Thus SPPs is hardly excited at Ag surface and could not be expected to participate with the light transmission.
However, if SPPs play a role in light transmission through a metallic structure, what will be happen for the far field measurement from both sides? Encouraged by those pioneers'
works [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , a simple structure metal/AAO is fabricated. To emphasize the comparability, a 15nm thick Ag thin layer is deposited on AAO template.
The morphology of AAO template is shown in Fig.3(a) , in which the plum piles like microstructure can be clearly seen [22] . However, those details have no effect on THz wave transmission from the two opposite directions. Transmittance of AAO template is quite high as shown in Fig.3(b) , which is due to two aspects: 1. the cross-section view measurement by SEM shows that the thickness of AAO template is about 17µm, which is much thinner than Silicon wafer (750µm); 2. a hole array along light transmission direction decreases the light scattering and the absorption of medium. It is noted that a peak appears around 1.7THz 3 which may be explained by the optic interference, however, it is not the main topic discussed in the present paper.
Then, 15nm thick Ag layer is deposited onto AAO template. A significant roughness of Ag surface is observed by SEM, as shown in Fig.4(a) . The top surface and the bottom surface of Ag thin film are different. Those micro-or nano-Ag structures offer the "hot spots" for the surface SPPs excitation since Ag is still the good metal in THz range [23] .
The transmittance spectra are measured from both sides of Ag/AAO, as shown in Fig.4 (b). The curve T 1 (or T 2 ) corresponds to the case, in which the Ag (or AAO) surface is the incident plane. T 1 and T 2 vary in the ranges of 0.8%1.4%, and 0.4%0.8%, respectivelyin THz region. The discrepancy between T 1 and T 2 is significant. In a certain frequency region, the ratio of reaches to about 50%.Compared with previous measurements on Ag/Si structure, here, the noise level is much lower than the signal. Furthermore, when two electronic diodes reverse series, any direction of the electric flux will dramatically reduce. Similarly, if the two Ag/AAO structure reverse series, form Ag/AAO/Ag structure, the photon transmission becomes as T 12 = T 21 = T 1 T 2 , here the subscripts 12 and 21 represents the incidence from the opposite sides. The results are also shown in Fig.4(b) , which is consistent with our predictions. (Since it is hard to hold a perfect similarity between the top and the bottom surface, tiny discrepancies exist in details).
All above observations and theoretical discussions lead us to believe that one way light travel has been observed in our experiments, which is correct if the discrepancy of conversion efficiency between SPPs and light are different from both sides. Negative aspects for our sample are that transmittance ratio is low and discrepancy of transmittance is still small.
However, many pioneers' experiments and theoretical calculations [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] have shown that, a high transmittance can be expected by optimize the SPPs device structures. T 12 (=T 21 ) (blue one) represents Ag(15nm)/AAO/Ag(15nm). T 1 and T 2 are the THz transmittance spectra measured for the same sample from opposite sides.
